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Abstract 
Laser Spinning is a new technique to produce ultralong nanofibers with tailored chemical compositions. In this method, a high 
power laser is employed to melt a small volume of the precursor material at high temperatures. At the same time, a supersonic 
gas jet is injected on this molten volume producing its rapid cooling and elongation by viscous friction with the high speed gas
flow, hence forming the amorphous nanofibers. 
This paper collects the main results obtained since the introduction of this technique in 2007. 
© 2014 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Many novel materials with quasi-one-dimensional structures, nanowires, nanobelts, nanorods, or nanotubes, have 
unique properties that open up a whole new range of applications in fields as diverse as electronics, catalysis, 
sensing, composite materials and biomedicine. The current techniques to produce such structures are typically based 
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on one of two approaches: vapor phase growth or solution based growth processes [1–3]. They are the main 
fundamental of several well-known methods such as Vapor-Liquid-Solid, template assisted synthesis, or electro-
spinning of sol-gel [4-6]. The main drawbacks of these methods rely on the relatively short length of the nanofibers 
obtained and the large time required to obtain a significant amount of these nanofibers. In fact, the technical and 
economic feasibility of production would be greatly improved if continuous nanofibers could be made [7]. 
Conventional methods to produce long fibers involve melting of the raw materials in a furnace to obtain a fluid 
molten glass which can be formed into fibers by three basic processes [8-10]: rotary fiberizing, steam, air or flame 
blowing, and mechanical traction or drawing in its variety of forms. The diameters of the fibers obtained using these 
techniques range from hundreds down to tenths of microns, as well as the types of products vary from disordered 
mats to continuous filaments. When the objective is the production of continuous fibers, the mechanical traction 
process is usually employed to draw a filament from a bushing or a high purity preform. Commercial ceramic and 
carbon fibers are produced by means of the sol-gel method or from solid organic precursor fibers. In both cases a 
precursor solid material is shaped to the desired form followed by controlled heat treatment or pyrolysis to convert it 
to a ceramic of the preformed shape [11]. These fibers have typical diameters in the range of several micrometers. 
In this sense, Laser Spinning has been demonstrated to produce ultralong nanofibers with a variety of 
compositions [12-16]. With adequate control and design, it might be an efficient technique to expand technical and 
economic feasibility of nanofiber applications. Production of nanofibers by Laser Spinning involves the quick 
heating and melting up to high temperatures of a small volume of the precursor material using a high power laser. 
The laser has a relative movement with regard to the plate of the precursor material being irradiated, so it generates 
a melting front that produces a complete or incomplete cut (Figure 1). At the same time, a supersonic gas jet drags 
the molten material down to the bottom of the cut. In this bottom edge of the plate the fluid was found to exhibit two 
different kinds of flow under the drag action of the gas jet [12]: the fluid closest to the laser beam - at the highest 
temperatures- detaches from the cut edge, due to the prevalence of capillary forces over viscous, forming droplets 
that solidify into spheroidal shapes, this process was clearly explained by Yilbas et al. [17]. A portion of the fluid 
flows slightly further from the laser beam and becomes colder and more viscous, making possible its evolution from 
pendant drops into long filaments attached to the cutting edge, which eventually forms the nanofibers. 
Fig. 1. Ilustration of the process of Laser Spinning. 
2. Experimental 
As shown in figure 1, the experimental set-up for performing the Laser Spinning technique is not very 
complicated. One just need to have the precursor material in form of a plate, a laser source and a focusing device  
delivering the suitable irradiance to melt it and a nozzle that provides a supersonic gas jet which can rapidly draw 
the molten material. 
Depending on the absorption properties of the precursor materials we have used either 10 micrometer radiation 
from a CO2 laser or 1 micrometer radiation from a Nd:YAG laser. Processing parameters were carefully set so we 
obtained in each case as high quantity of nanofibers as possible. On the other hand, a De Laval supersonic nozzle 
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provides a gas jet with a Mach number of 1.8 which stretches the melted volume while cooling it down so the 
nanofibers are formed. The sample movement was governed by a CNC machine. 
So far, we have succeeded in the production of nanofibers from several different kinds of precursor materials 
such as: soda-lime silicate glasses [13], mullite-alumina, Bioactive Glass [15] and even glass nanofibers with 
embedded silver nanoparticles [18]. 
Optical microscopy, Field Emission Scanning Electron Microscopy (FESEM) and Transmission Electron 
Microscopy (TEM) were used in order to analyze the morphology and structure of the nanofibers (details of the 
techniques can be found in [12-16]. 
3. Results and discussion 
Production of glass fibers from soda-lime silicate glasses was demonstrated from the very early days of this 
technique. They showed diameters ranging from tens of nanometers to several microns, with lengths up to some 
hundreds of microns. High quantity of nanofibers can be produced in a short period of time [13]. Moreover, these 
nanofibers have almost the same composition as precursor materials, so this technique has rapidly showed its high 
potencial to be industrialized. However, it was also noted that, the more homogeneus the precursor plates are, the 
lesser particles and debris formation take place. Figure 2 shows a membrane made of glass nanofibers. The total 
time required to produce the membrane was 10 minutes. 
Fig. 2. Optical image of a glass nanofibers membrane made by Laser Spinning. 
Theoretical analysis of the main parameters of Laser Spinning was carried out, in order to reach a better 
knowledge of the process and, henceforth, improve the control of its results [14]. There is a minimum temperature 
of the precursor material to form a pendant drop, but it is required to exceed this temperature by several hundred 
degrees to produce a nanofiber. On the other hand, temperature cannot surpass a certain value (depending on the 
material) because otherwise viscosity of molten volume is too low and fibers break down before being stretched to 
form nanofibers. Therefore, temperature must be inside a specific range in order to allow the drop being stretched 
enough time to produce nanofibers. 
Bioactive glass nanofibers were produced by CO2 laser [15]. They are fully dense, free standing and amorphous 
(which confers them flexibility to be easily handled without breaking them). They were also demonstrated to 
dissolve their silica network after incubation in simulated body fluid (SBF). They also show capability of forming 
hollow nanostructures with a porous surface formed of nanocrystals of hydroxyapatite. This fact demonstrates that 
the Laser Spinning is a suitable technique to produce bioactive nanofibers which in turn can form new 
nanostructures with potential in tissue engineering scaffolds and can be used as fillers of bone defects as well. 
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The development of this technique has led to improve the quantity of obtained fibers [17] and also its length, 
which exceeds several centimeters. With an optimized laser irradiance and advanced speed, it is possible to produce 
some mg per unit length of precursor material plate in just a fraction of a second. The nanofibers show a cylindrical 
shape along its whole length. Figures 3 and 4 show optical microscope and FESEM images of lots of nanofibers. 
Fig. 3. Image taken by optic microscopy of some nanofibers obtained by Laser Spinning technique. 
Fig. 4. Image taken by FESEM of some nanofibers obtained by Laser Spinning technique. 
Nanofibers were also analyzed by means of Transmission Electron Microscopy as shown in figure 5. Both 
images show nanofibers obtained from  a mullite-alumina plate. These nanofibers contain more than 75% in weight 
of alumina. This means that there is no other method available to produce nanofibers from such material. The 
conventional methods to produce even standard thick fibers are useless to fiberize this material. 
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Fig. 5. TEM images of a couple of mullite-alumina nanofibers produced by Laser Spinning. 
Finally, production of glass nanofibers with embedded silver nanoparticles on them for antibacterial activity was 
also demonstrated [18]. They were produced from a composite material plate that had silver nanoparticles as well, 
and Laser Spinning process was able to form nanofibers without removing those nanoparticles. Moreover, these 
nanoparticles are well-dispersed not only on the surface but also inside them, which leads to a long lasting durable 
antimicrobial effect. 
4. Conclusions 
Laser Spinning has demonstrated to be a feasible technique to produce long ceramic nanofibers of several 
different kinds of materials in a short period of time. Produced fibers show a cylindrical shape along their length, 
which exceeds several centimeters. Obtained nanofibers have a composition very close to the one of the precursor 
material. It can even keep nanoparticles from precursor material for different applications such as antibacterial 
effect.
Therefore, this technique is suitable to be implemented in industry for high scale production of nanofibers to 
different purposes such as: CO2 adsorption filters, transmission of information by optical nanofibers, production of 
fireproof fabrics, or for tissue engineering applications. 
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